[ABSTRACT] Fish sausage is a common food in Japan. It is mainly made from surimi, which contains a high amount of fish protein. Although it has been reported that the administration of fish protein reduces blood total cholesterol, LDLcholesterol, and triglycerides in experimental animals, it has not been studied whether the intake of fish protein improves blood cholesterol profiles in humans. In the present study, male subjects (n = 20) with fasting blood LDLcholesterol (140-179 mg/dL) were enrolled. Subjects consumed a total of 225 g of fish sausage daily for 8 weeks, and the total ingestion dose of fish protein was 13.5 g/day. Blood total cholesterol, LDL-cholesterol, and atherogenic index were significantly reduced (p < 0.01, p < 0.05, and p < 0.01, respectively), and HDL-cholesterol was significantly increased (p < 0.01) by fish sausage intake after 4 and/or 8 weeks of intervention without side effects. These results imply that the short-term intake of fish protein achieved by the eating of fish sausage improves cholesterol profiles in hypercholesterolemia subjects.
INTRODUCTION
A number of previous studies have shown that high total cholesterol (TC), high low-density lipoprotein cholesterol (LDL-C), and low high-density lipoprotein cholesterol (HDL-C) are risk factors for coronary heart disease (CHD) [1] [2] [3] [4] [5] . Thus, improvements of these cholesterol profiles are important to prevent CHD.
Fish protein is a major edible part of the fish and a source of animal protein that is consumed worldwide. Furthermore, fish protein is a main component of surimi, which is a material used in processed seafoods such as imitation crab, kamaboko (fish cakes), and fish sausage. Because surimi is made by 1) mincing, 2) washing, and 3) dewatering fish fillets, the protein contained in surimi is insoluble protein. It has been reported that the repeated intake of fish protein reduced blood triglycerides (TG), TC, and LDL-C in animal experiments [6] [7] [8] . Hosomi et al. have speculated that fish protein reduces blood LDL-C and TC by binding itself to bile acids and cholesterols in the gastrointestinal tract and enhancing the excretion of bile acids and cholesterols to feces 6) . However, there have been no reports that confirm whether fish protein can improve cholesterol profiles in humans.
To test the hypothesis that fish protein supplementation will decrease blood LDL-C and TC in hypercholesterolemia patients, we conducted a feeding study among 20 men, who consumed 225 g of fish sausage (about 13.5 g of fish protein) daily for eight weeks.
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MATERIALS AND METHODS

Subjects
Twenty male Japanese hypercholesterolemia patients were selected from 55 male Japanese according to the inclusion criteria and exclusion criteria described below. These 20 subjects ranged in age from 32 to 58 (mean age = 46 ± 2 years). Written informed consent was obtained from all subjects (55 subjects)
before the subject screening. This study was approved by the local ethics committee of Tsukiji-Futaba clinic (Tokyo) and was conducted in accordance with the Declaration of Helsinki.
Inclusion Criteria
Patients with high blood LDL-C (140-179 mg/dL) and body mass index (BMI, 18-30 kg/m 2 ) were included.
Exclusion Criteria
Patients taking antilipidemic drugs and functional foods, with a severe history of disorder, with abnormal biochemical parameters in the liver and kidney, with severe cardiopulmonary dysfunction, with thyroid dysfunction, with food or drug allergy, with experience with gastrointestinal surgery, and those judged unsuitable by a medical doctor were excluded.
Study Design
An open study was performed. Subjects ate one fish sausage (75 g, Nippon Suisan Kaisha, Ltd., Tokyo) before or during every meal, which meant a daily intake of three sausages (225 g/day), for 8 weeks. A nutritional analysis and the amino acid components of the experimental diet are shown in Table 1 .
The fish protein source in this study was derived from several surimi products from white fishes. Hosomi et al. have reported that the administration of fish protein at a dose of 30% of all protein sources decreased blood LDL-C and TC in rats. Therefore, we set the dose of fish protein (about 13.5 g/day) at about 20% of the recommended dietary allowance of protein (60 g/ day) for Japanese male adults 9) . We chose a fish sausage as the source of fish protein because fish sausages are familiar foods in Japan. Subjects were instructed to eat fish sausages without cooking them and to maintain their usual food habits other than the eating of the fish sausage. The subjects were also instructed to keep normal exercise habits.
Physical Characteristic Measurements, Biochemical Measurements and Urinary Analysis
Physical characteristic measurements, biochemical measurements and urinary analysis were done three times before the intake period, 4 weeks after intake, and 8 weeks after intake. Subjects were prohibited from drinking alcohol and doing extreme exercise beginning 2 days before each experimental day. Subjects were also prohibited from taking meals in the 10 h preceding blood and urine sampling. Only the drinking of water was permitted on each experimental day. Each blood and urinary marker was measured by Falco Biosystems (Kyoto, Japan). The atherogenic index was calculated using the following formula: (TC-LDL-C)/HDL-C.
Statistical Analysis
Data are expressed as means ± standard errors (SE). For all measurement items, comparisons were analyzed by paired ttest. Statistical significance was defined as P < 0.05. Statistical analysis was performed using the StatView software package (Macintosh Version J 5.0, Abacus Concepts, Berkeley, CA, USA). 
RESULTS
Since two subjects refused to complete the experiment because they found it difficult to continue eating fish sausages, statistical analysis was done using 18 subjects. Body weight, body mass index, systolic blood pressure, and heart rate were not changed after fish sausage intake (Table 2) . However, diastolic blood pressure at 4 weeks and 8 weeks after intake was significantly increased compared to the baseline value.
Although blood total protein, total bilirubin, Na, Cl, hemoglobin, platelet, mean corpuscular volume, mean corpuscular hemoglobin concentration, urine pH, and urine specific gravity (Table 2 ).
Blood TC, LDL-C, and atherogenic index were significantly reduced from their baseline values, and HDL-C was significantly increased from its baseline value (Fig. 1 ). Blood TG was not changed after intake.
DISCUSSION
In the present study, we showed that repeated intake of fish sausage may reduce blood TC and LDL-C and increase blood HDL-C in hypercholesterolemia patients. The values of TC and LDL-C at 8 weeks after intake were not significantly different from the baseline values. However, since these values tended to be lower than the baseline values, the atherogenic index at 8 weeks was significantly lower than the baseline value. These results suggest that repeated intake of fish protein may be effective for preventing CHD by reducing TC and LDL-C and increasing HDL-C in hypercholesterolemia patients.
Blood total protein, total bilirubin, Na, Cl, mean corpuscular volume, and urinary specific gravity were decreased, and blood hemoglobin, mean corpuscular hemoglobin concentration, urinary pH, and diastolic blood pressure were increased by the intakes of the fish sausage. However, since these changes were modest and remained within the normal ranges, the medical . Although it has been reported that a 12% wheat gluten diet significantly reduced both blood TC and HDL-C compared to a 12% casein diet in rats 11) , the HDL-C result was not consistent with the present result. Thus, the changes of blood cholesterol levels observed in this study were not thought to be induced by other proteins contained in the fish sausage.
HDL-C was dramatically increased in this study. An increase of 1 mg/dL in HDL-C has been reported to reduce the onset risk of CHD about 2% in males and 3% in females 12) . If the hazard ratio of CHD occurrence in Japanese people with HDL-C of ≥62 mg/dL was set at 1, the hazard ratio in people with HDL-C levels in the range of 51-61 mg/dL was 1.41, and that for individuals with HDL-C levels ranging from 42-50 mg/dL was 2.57 13) . Thus, the increase of HDL-C resulting from the intake of fish protein observed in this study may be effective for lowering the onset risk of CHD.
Although an energy intake of 355 kcal/day was added to each subject's normal diet through the intake of fish sausages, the body weight of the subjects was not changed after the fish sausage intake. Thus, the daily total energy intake was not thought to be changed after the fish sausage intake. Because we did not control the subjects' diets, it is possible that the additional energy intake supplied by the fish sausages may reduce the energy intake supplied by the consumption of other meals.
Yasui et al. reported that blood TC, LDL-C, and HDL-C
were not changed by supplementation with fish sausages (which were the same as the fish sausages used in this study) for 4 weeks in normal healthy subjects 14) . Thus, the cholesterol lowering effect of fish protein is thought to be induced in hypercholesterolemia patients only. The decreases of TC and LDL-C brought about by fish protein supplementation in rats were previously observed only with a cholic-acid-rich high-fat diet, not with a normal high-fat diet 6) , a result that was similar to the results of our present study and the previous report 14) .
In summary, the present study suggested the possibility that supplementation with about 13.5 g/day fish protein may reduce blood TC and LDL-C and increase HDL-C in hypercholesterolemia patients.
SUBVENTION None
